Data from a two-breed group diailel experiment involving double-muscled (DM) and normal (N) cattle were analyzed to evaluate the importance of heterosis, maternal and direct effects for reproduction and growth traits. The DM cattle were from a composite of primarily Angus, Charolais, Galloway and Hereford breeds, and N cattle were crossbred cattle with at least 50% Hereford breeding. The data comprised a total of 491 matings and 389 caivings in four breeding seasons. Records on calving performance, calving date, calf crop born and weaned, sex ratio of progeny and weight of calves were analyzed using least squares procedures. Significant heterosis of 5 to 12% was observed for all the calf crop and growth traits, except for birth weight. Heterosis resulted in 24% reduction in the incidence of dystocia and perinatal calf mortality (P < .05). The significant heterosis was due mainly to poor production in DM x DM crosses. The DM cows were superior (P < .05) to N cows in reciprocal crossing (maternal effect) for all the calf crop traits, but had higher incidence of calving difficulty and a higher proportion of male progeny. Significant direct effect was observed for all the traits except calving date and sex ratio among progeny. The N sires were superior for all the calf crop traits and caused less incidence of dystocia and perinatal mortality compared with the DM sires. Significant differences were obtained between the straightbreds for all the traits except calving date. The N straightbreds were superior to the DM straightbreds for all the significant traits.
Introduction
Double muscling or muscular hypertrophy is an inherited condition in cattle, postulated to be caused by a single autosomal gene whose expression is influenced by modifier genes (Nott and Rollins, 1979; Menissier, 1982b) . The syndrome is characterized by a generalized hypertrophy of muscles, a reduction in adipose tissue, and a reduction in weight of the skeleton (Vissac, 1968; Shahin and Berg, 1985) . Compared to normal cattle, doublemuscled (DM) cattle have less bone, less fat, more muscle, a higher muscle:bone ratio and a higher proportion of "expensive" cuts of meat (Dumont, 1982; Menissier, 1982a; Shahin and Berg, 1985) . Unfortunately, the DM syndrome is associated with production problems such as reduced fertility, dystocia, low calf viability and increased stress susceptibility Arthur et al., 1988) .
Breed differences, heterosis and maternal effects from beef cattle crossbreeding experiments have been shown to be important for reproduction traits and most measures of size (Gregory et al., 1978; Long, 1980; Dearborn et ai., 1987) . There has been limited work to characterize DM relative to normal (N) cattle. This paper reports results of a DM-N cattle diallel experiment conducted to evaluate the importance of heterosis, maternal and direct transmitted effects on reproduction and growth traits.
Materials and Methods
In 1967 a DM cattle population was initiated at the University of Alberta ranch at Kinsella. Three DM bulls obtained from outside sources and one extreme-muscled bull from the Kinsella Beef Synthetic population (Berg et al., 1986) contributed to the introduction of "double muscling" into the present DM herd. Initially, cows bred to these DM bulls were normal Angus, Charolais and Galloway crossbreds. Since 1976, the DM herd has been bred as a closed breeding population, though it is open to extreme-muscled animals that arise in the other Kinsella herds. A detailed description of the DM population was given by Basarab (1981) . The average breed composition of the DM breeding herd at the beginning of this study was approximately 47% Angus, 14% each of Charolais, Galloway and Hereford and 11% other breeds. A group of crossbred cattle that had at least 50% Hereford breeding with the remaining percentage made up of Angus, Charolais and Galloway, and showed no evidence of the DM condition, were used as the N group.
Starting in the summer of 1983, reciprocal crossings of DM and N cattle were made over four breeding seasons (years), resulting in a total of 491 matings and 389 calvings. The number of observations by breed group of sire and breed group of dam subclass is presented in Table 1 . The DM bulls used were all extreme in muscular development (muscling score [described later] of 4 or 5) and the females were all progeny of phenotypically DM bulls and cows from the DM herd with muscling scores ranging from 3 to 5. In each breeding season, three DM and two N yearling bulls were used; each bull was allotted 24 randomly chosen cows composed of both DM and N females in single-sire matings. Different bulls were used each breeding season except for one N and two DM bulls, which were used two consecutive breeding seasons. The breeding herd was range-grazed all year round. Hay, straw and grain supplement were provided for 3 to 4 mo in the winter; the level and duration of feed supplementation were based on the severity of the winter. Breeding was in July and August and calvings occurred mainly in April and May the following year. Calvings requiring mechanical puller, veterinary assistance and caesarian section were classified as difficult calvings. Stillbirths and calf mortalities within the immediate 48 h of parturition were recorded as perinatal mortality. Calves were scored visually, at birth, for muscling on a scale of 0 to 5, with 0 indicating normal muscling and 5 representing extreme muscular hypertrophy. Calves were not creepfed and remained with their dams on the range until weaning in October each year, when the calves were approximately 6 mo old. After weaning, the male calves were weighed and placed in feedlot. A feedlot performance test was conducted for 140 d after an adjustment period of 28 d, during which the calves were introduced to a high-energy grain diet (Table  2) . Ad libitum feeding of the diet was continued until the cattle were shipped for slaughter. Live weights were recorded every month from weaning until slaughter. As the bulls approached finishing condition after the test, they were measured ultrasonically for backfat thickness between the 12th and 13th ribs on the right side of each animal at weekly intervals using a Scanogram 3.
Whereas the data used for the evaluation of reproduction and preweaning traits covered four breeding seasons, only the data from the first three calving seasons were used for postweaning traits, because calves born in the 3Model 722, Ithaco, Ithaca, NY.
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fourth calving season were used in a different study. The female calves were put on a restricted diet after weaning. Because a restricted diet does not allow full expression of the true genetic potential of the animal, the data on postweaning growth of female calves were not presented in this report. For statistical analysis, calving difficulty, perinatal mortality and proportion of males were expressed as percentages of total calvings. Calf crop born and weaned were expressed as percentages of cows exposed. For each of these traits the occurrence of the effect (such as calving difficulty) was coded as 1, and the lack of occurrence (such as normal calving) as 0. For analysis, the resulting proportions were multiplied by 100 to obtain the percentages. Relative growth rate, as a measure of growth relative to instantaneous size, was computed as the difference between the natural logarithm of weaning and birth weights divided by the age at weaning (Fitzhugh and Taylor, 1971) . The relative growth rate, as used in this study, is the percentage of change in body weight per day. Weaning and yearling weights of all the cattle were adjusted to 180-d and 365-d weights, respectively. Backfat thickness measurements, which were taken at approximately 381 d of age, were used in the analyses.
The data were analyzed by least squares procedures using a mixed model (Harvey, 1985) . The model included the fixed effects of breed group of sire, breed group of dam, year, age of dam (2, 3, 4 and 5 yr old and older), sex of calf and all possible two-way interactions. Three-way and higher-level interactions were assumed to be nonsignificant. Sires, within breed group of sire by year, were included in the model as random effects, and this mean square was used as the error term for testing significance of differences between sire breed groups, year, breed group of sire x year interaction, reciprocal cross differences and differences between straightbreds. Residual mean squares were used to test significance of other main effects and interactions and heterosis. This model was used for all the traits except for calf crop traits, proportion of male calves and postweaning growth traits of male calves, where sex of calf and its interactions with the other factors were removed from the model.
The following linear contrasts of mating type least squares means were computed to characterize the breed groups:
Maternal effect (reciprocal cross differences)
Direct effect (breed group of sire differences)
traits. Heterosis was not significant for the proportion of male calves in the progeny. Significant heterosis was observed for the percentages of calf crop born and calf crop weaned (Table 3) . Weight of calf weaned per cow exposed, which is a measure of herd productivity, exhibited significant heterosis. The magnitudes of these effects were 6.4, 8.0 and 11.4% for calf crop 10ore, calf crop weaned and weight of calf weaned per cow exposed, respectively. Calving date did not show significant heterosis. Heterosis was significant for all preweaning and postweaning growth traits except for birth weight (Table 4) . Heterosis ranged from 5 to 8% for these traits, except for backfat thickness, for which a 22% heterosis was observed.
where G i and G m are direct and maternal effects, respectively, for the subscripted genetic group. The number of these contrasts exceeded the degrees of freedom, and hence the error over the entire set of comparisons may be different from that indicated by the probability level. However, the plan of the experiment was to estimate heterosis, additive maternal and additive direct effects; therefore, the tests of significance associated with these contrasts can be taken as guides (Gregory et al., 1978) .
Results

Differences Between Straightbreds. Differ-
ences between the straightbreds include differences between the DM and the N cattle in maternal and direct effects combined. The DM x DM matings resulted in a higher incidence of calving difficulty, perinatal mortality (P < .01) and higher proportion of males in the progeny (P < .05) compared to the N x N matings (Table 3 ). Significant differences between the straightbreds in favor of the N x N matings also were obtained for all the calf crop traits, weight of calf weaned per cow exposed and all preweaning and postweaning growth traits (Tables 3 and 4) . Difference between the straightbreds for calving date was not significant.
Heterosis. Individual heterosis was signifi-
cant for calving difficulty and perinatal mortality (Table 3) . A negative heterosis of approximately 24% was obtained for each of these Maternal Effects. Reciprocal cross differences (NxDM -DMxN; Gmo~ -G~) reflects difference in maternal ability between DM and N cattle. Significant maternal effect was obtained for calving difficulty and proportion of males in the progeny (Table 3) . Maternal effect also was significant for the calf crop traits and weight of calf weaned per cows exposed. The DM females produced more male calves and had greater difficulty in calving, but they had a greater calf crop born and weaned. Overall efficiency was greater for the DM cows. Maternal effect for perinatal mortality and calving date was not significant. Whereas significant maternal effect was obtained for gain in the test period and for backfat thickness, maternal effect for all the other growth traits was not significant (Table  4) . For the significant growth traits, male progeny of DM females had higher values than those of N females.
Breed Group Direct Effects. Breed group of sire differences (GiDM -GiN) reflect one-half of the differences in direct effects between DM and N breed groups. The DM breed group produced a higher incidence of calving difficulty and perinatal mortality than did the N breed group (P < .01; Table 3 ). The N breed group produced a greater percentage of calves born and weaned and more weight at weaning per cow exposed than did the DM breed group, due to direct genetic effects. Breed group direct effects for calving date and proportion of males in the progeny were not significant. A significant direct effect also was observed for all the growth traits (Table 4) . For these traits the N-sired progeny had higher values than did the DM-sired progeny. The distribution of muscling scores at birth among the progeny of the four mating types is presented in Figure 1 . Based on a muscling score of 2 and above, the percentages of the progeny from DM x DM, DM x N and N x DM mating types showing a degree of muscling greater than normal were 77, 45 and 47%, respectively. Only 4% of the progeny from N x N matings showed some degree of heavy muscling.
Discussion
The higher incidence of calving difficulty in DM than in N cattle is documented well (I-lanset and Jandraln, 1979; Menissier, 1982a) . This problem is thought to be caused by the conformation of the calf (hypertrophy of the muscles, especially in the regions of the proximal fore and hind limbs) and the reduced size of the dam's pelvic opening (Hanset and Jandrain, 1979; Arthur et al., 1988) . The significant mammal effect reflects the fact that calving problems were mainly attributable to the dam; therefore, the frequency of dystocia was greatly reduced when DM sires were used on N cows instead of on DM cows. In an earlier study (Arthur et al., 1988 ) the higher incidence of dystocia in DM cattle was attributable to the reduced area of the pelvic opening in DM cows as well as to the conformation of the calf. Factors such as the occurrence of extremely muscular calves with enlarged tongues, which make suckling difficult, as well as DM cows with enlarged teats and very little colostrum, contributed to the low viability of DM calves (Vissac et al., 1974; Arthur et al., 1988) .
There are some indications that the sex ratio among DM calves born does not follow the expected 1:1 ratio (Rollins et al., 1972) . In the present study, the male:female ratio was 1.7:1 (significantly different from the expected 1:1 ratio) in calves born to the DM dams vs 1:1 in calves born to the N dams, irrespective of the breed group of sire. The biological reason for this imbalance in sex ratio is not known; it would be an interesting subject for research.
The DM cattle exhibit reduced fertility (Oliver and Cartwright, 1968; Strath, 1982) . This has been attributed to a number of factors, including poor sexual behavior, genital infantilism, delay in puberty and reduced sexual drive (Michaux and Hansel 1981; Menissier, 1982a ). It appears that both DM males and females are responsible for this subfertility (Menissier, 1982a) . Milk production in DM cows also has been reported to be lower than in N cows (Vissac et al., 1974) . Some or all of these factors could be responsible for the lower values for the calf crop traits in the DM compared to the N cattle. In this study, reproductive problems appeared associated more with the males than with the females. The significant favorable heterosis for these traits indicates that crossing between DM and N cattle results in significant improvement over DM x DM in the calf crop traits.
Although some reports indicate that DM cattle have superior growth potential compared to N cattle, other reports indicate that growth rate of DM calves is inferior to that of N ~Tmm ET AL.
,. calves, resulting in a lighter mature weight. In most of the British beef breeds, however, postweaning growth of DM calves has been reported to be slower than that of N calves (Nott and Rollins, 1979; Geay et al., 1982; Menissier, 1982a) . The average breed composition of the DM breeding herd was 75% British (Angus, Hereford and Galloway). Selection of sires in the N breed group has been based on pre-and postweaning gain at the University of Alberta ranch (Berg et al., 1986) . On the other hand, sire selection in the DM breed group has been based mainly on the extent of muscular hypertrophy of the individual bull and its parents. The difference in selection of sires between the N and DM breed groups could be partly responsible for the significant direct effect observed, whereby the progeny of N sires outperformed those of DM sires for all the growth traits. Variability in the expression of the DM syndrome in the progeny of DM cattle and their crosses is documented well (West, 1974; Menissier, 1982b; Thiessen and Rollins, 1982) . It is acknowledged that the magnitude of the effects obtained is dependent on the degree of expression of the DM syndrome. Hence, reference should be made to the muscling scores, used as a measure of the degree of expression of the DM syndrome, in the interpretation of these results. Also, the estimates of the parameters may have been confounded with breed effect, because genetic composition of the N and DM cattle were different. Although similar breeds were present in both breed groups, the predominant breed in the DM herd was Angus (approximately 47%), compared with Hereford (approximately 60%) in the N herd.
